to compare the sensitivity and specificity of the changes observed during exercise in the single "monitored" lead, with those appearing after exercise in the four leads usually recorded (leads II, V4 V.,, V(,).
Method
The Master two-step test was monitored in 140 consecutive patients presenting for evaluation of "<chest pain" or "cardiac status.> As indicated in table 1 there were 92 men and 12 women diagnosed clinically (and independently of either the resting electrocardiogram or the electrocardiographic response to exercise) as having ischemic h.eart disease (organic group); 30 men and six women were judged free from. clinically apparent ischemic heart disease (functional group).
The 12-lead electrocardiogram taken prior to testing was not always completely normal, as it had been in previous studies reported by us."--" (table 2) . No patient with an abnormal resting electrocardiogram was subjected to exercise, unless there was evidence of electrocardiographic stability.
Among the 140 subjects, 109 had been repeatedly studied and re-evaluated by one of us (A.M.M.), with all the usual diagnostic technics, for extended periods ranging from 1 to 30 years, with an average follow-up time of 8.2 years per patient. It was during this interval that the clinical diagnosis, with reference to the presence or absence of heart disease, was established. The re- Prior to testing, a 12-lead resting electrocardiogram was recorded on a Sanborn 100-Viso and was judged either normal or stable. Disposable band-aid electrodes * were then applied to the V, and V6R positions on the anterior chest in the manner previously detailed.' The left arm wire was connected to the V5, electrode, the right arm wire to the V5R electrode, and the right leg grounding wire to a third electrode placed on the chest or right leg. The electrocardiograph selector switch was set at the lead-I position. The resultant bipolar moinitoring lead was recorded with the patient recumbent, sitting, and standing, durin.g normal respiration, deep inspiration, and deep expiration. Before the exercise the patient was instructed to stop the test and lie down at the verv first indication of chest oppression, discomfort, or pain. The standard number of trips to be performed across the two-step test was determined from the Master two-step chart (table 3) .6 After the hook-up was made secure, without pull of the patient cable on the electrodes, the subject, connected to the electrocardiograph and holding the exercise. Two subjects did so because of undue dyspnea, while three experienced slight chest pain. In no case did pain exceed 4 minutes in duration, and all electrocardiographic changes induced by exercise were transient.
In 70 cases, the quality of the tracing recorded during exercise was considered "excellent," i.e., virtually flawless, without baseline wandering or muscle noise; in 46 instances, it was "good," i.e., easily interpretable, with only occasional artifact or muscle noise, but no appreciable baseline wandering; in 24 subjects, the tracing was "fair," i.e., interpretable, but often with difficulty, due to wandering baseline and excessive muscle noise. The majority of the technically less satisfactory records occurred among the earliest tracings obtained. More ticularly RS-T-segment abnormalities, are often not distributed uniformly among several leads. Thus, one or two leads may be positive, while others remain equivocal or within normal limits. It is for this reason that frontal and horizontal plane leads are routinely recorded after exercise.
A second possible explanation for the greater accuracy of the tracing after exercise is the time factor. We have long observed and reported 3-5 that among tracings taken after exercise, diagnostic changes appear more frequently in 2 minutes than immediately after exercise. The greater sensitivity of the tracing after exercise, as compared to the monitored electrocardiogram is but an extension of this earlier observation. It may be conjectured that in some patients, particularly those in whom the degree of coronary stenosis is not severe, the stimulus of the peak stress invokes a series of compensatory mechanisms, which, in turn ensure adequate, transient coronary flow. If the stress is not excessive, this temporarily adequate myocardial nutrition may be associated with an unremarkable exercise electrocardiogram. At the conclusion of the challenge, however, with the removal of the stimuli invoking the compensatory mechanisms, the manifestations of the accumulated "oxygen debt," lactic acid or other metabolites may appear in the tracing. It is noteworthy that among the 10 patients with organic heart disease who experienced pain resulting from the test, this pain appeared only after the exercise had been concluded.
A third possible explanation for the lesser sensitivity of the monitored tracing may relate to the criteria used for its interpretation. In this study, we read the record during exercise with the same criteria we normally use for the tracing Recording the two-step test during its performance is technically feasible and represents a useful addition to the postexercise procedure.
Radiotelemetry is not required for this purpose, since the electrocardiogram can be recorded with the patient connected to the electrocardiograph by means of a patient cable.
An abnormal response to exercise in subjects with ischemic heart disease was observed more often in the record after exercise than in the monitored tracing. This is most likely due to the fact that, in the former, at least four different leads are recorded, whereas only one is employed in the latter technic. It is also possible that some individuals with only mild disease may compensate coronary flow during stress and only manifest "oxygen debt" in the period after exercise.
The incidence of false-positive responses is not increased by the monitored procedure.
Criteria employed by the authors for interpreting the record after exercise appear to be equally valid in the interpretation of the monitored tracing.
It is suggested that after the conclusion of each monitored procedure, conventional leads II, V4, V-, and VG be taken immediately, 2 minutes, and 6 minutes after exercise as originally recommended by Master.
